Abstract: Background: New biomarkers are urgently needed to facilitate diagnosis in Interstitial Lung Diseases (ILD), thus reducing the need for invasive procedures, and to enable tailoring and monitoring of medical treatment. Methods: In this study we investigated if patients with idiopathic pulmonary fibrosis (IPF; n = 21), non-IPF ILDs (n = 57) and other lung diseases (chronic obstructive pulmonary disease (COPD) n = 24, lung cancer (LC) n = 16) as well as healthy subjects (n = 20) show relevant differences in exhaled NO (FeNO; Niox MINO), or in eicosanoid (PGE2,
Introduction
Interstitial Lung Diseases (ILD) in general, and idiopathic pulmonary fibrosis (IPF) in particular, are complex disorders with different pathogenetic pathways, heterogenous disease behavior, with great variability in disease severity and rate of progression, as well as different responses to treatment [1] . IPF is a progressive ILD with still unresolved causes; with a median survival of 3-5 years following biological activity as a pulmonary and renal vasoconstrictor. It has also been shown to contract human smooth muscle cells from the lungs in vitro and to increase platelet activity [26, 27] . Some studies have been done on 8-isoprostane in ILD patients, but its role as a marker of oxidative stress remains unknown [28] .
In the present study we therefore evaluated the diagnostic potential of FeNO, PGE2 and 8-isoprostane in EBCs in different ILDs and other lung diseases. Unfortunately, none of these markers turned out to have any diagnostic or prognostic potential.
Experimental Section

Clinical and Lab Data Collection
In this study, a total of 138 patients (of them 21 IPF, 57 other ILD, 24 chronic obstructive pulmonary disease (COPD), 16 lung cancer (LC) and 20 healthy controls (HC)) from the Giessen site of the European IPF registry (eurIPFreg), have been analyzed on the basis of clinical data as well as obtained biomaterials.
The eurIPFreg is an Internet-based, multicentre registry linked to the European IPF Biobank (eurIPFbank). The data protection concept was accepted by local and national networks such as the TMF (Technology, Methods, and Infrastructure for Networked Medical Research e.V.) and official authorities (e.g., Hessian Data Protection Officer, Protocol Nr. 412101 from 25.08.2008 ). Both, eurIPFreg and eurIPFbank were permitted by institutional review boards in Germany and Europe (e.g., Ethics Committee of Justus-Liebig-University of Giessen; 111/08). The research was conducted strictly according to the principles of the Declaration of Helsinki. The eurIPFreg and eurIPFbank are listed in ClinicalTrials.gov (NCT02951416).
Patients above 18 years with IPF, other ILD's, or other non-ILD lung diseases (as disease controls), who signed the informed consent, were selected for this study. The diagnosis of IPF was based on the American Thoracic Society (ATS) criteria [9] .
The clinical data were collected at the time of enrolment (baseline, which usually also would be at the time of their first presentation in our clinic) and in intervals of 3 to 12 months thereafter (follow up) via patient and physician baseline and follow up questionnaires, which in total comprised of 1700 variables [2] . This study presents a consecutive patient's cohort, therefore their medication was not withheld prior to the measurements. This report only contains data from eurIPFreg patients recruited at the Giessen site.
Biological materials such as blood, bronchoalveolar lavage fluid (BALF), tissue samples as well as exhaled breath condensates and EBCs were centrally managed through generation of patient-, time-, and specimen-specific Lab IDs; they were stored in the centralized European IPF Biobank (eurIPFbank) located in Giessen, Germany. Patients were asked to withdraw from food and nicotine intake a few hours prior to the measurements, as well as to rinse the mouth before analyses. A nose clip was consistently used. The FeNO measurements were carried out with the device NIOX Mino (Aerocrine, Bad Homburg, Germany). EBCs were collected according to the recommendations of the ATS/European Respiratory Society (ERS) Working Group with the turbo-DECCS device (ItalChill, Parma, Italy) [29] . The turbo-DECCS device has a thermoelectric module that works through the Peltier effect. The exhaled breath of the patient was passed through disposable polyethylene tubes into the collection tube of the device and cooled there. The DECCS polyethylene tube system (ItalChill, Parma, Italy) was changed for each patient. After the collection, the EBC was quickly filled into cryocups and frozen at −80 • C.
The quantitative detection of PGE2 and 8-Isoprostan in biomaterials was performed using a commercially available immunosorbent assay (ELISA, Cayman Chemical Company, Ann Arbor, MI, USA). It is based on an enzymatic immune assay (EIA) principle. In case of BALF, samples were directly transferred to the wells of the plate. In case of EBCs, we analyzed EBC fluid directly, as well as after concentrating its content. For this purpose, 600 µL of each sample were lyophilized in the vacuum centrifuge and dissolved thereafter in distilled water at a volume of 120 µL.
Quality of Data and Statistical Analysis
Quality of data in the eurIPFreg was maintained through internal plausibility checks, in which different items were put into a logical context, causing the generation of queries in case inconsistent entries were noted (e.g., if physician's and patient's report were not consistent with regard to signs of underlying collagen/vascular disease). These queries were addressed by the respective site investigator, asking for clarification of the issue.
All statistical procedures were performed using SPSS 24 (SPSS, IBM Corp). For baseline data, the summary descriptive statistic was generated with categorical data displayed as absolute numbers and relative frequencies. Continuous data are shown as mean (SD) for normally distributed data or as median (interquartile range) for nonparametric data. Comparisons between groups were performed using a t-test, Mann-Whitney U test, or a linear regression analysis. Correlation coefficient was determined by Spearman. The Chi 2 -test was used for nominally distributed characteristics. The results with a p < 0.05 were reported as statistically significant. The results were evaluated with the program GraphPad Prism 5 (GraphPad software, La Jolla, San Diego, CA, USA).
Results
Disease-Specific FeNO Distribution and Correlation with Pulmonary Function Test (PFT) Values
In total, FeNO measurements could be performed in the 94 patients of different groups. The demographics data together with clinical and pulmonary function (PFT) parameters are outlined in Table 1 . The characteristic of ILD subgroups is displayed in Table S1 
The data are given in median (interquartile range), numbers or percentage (n, %). ILDs include the uILD, RB-ILD, COP, HP, sarcoidosis, and CTD-ILDs. Calculation of p values was performed with use of Kruskal-Wallis (KW) Test, Dunnett's multiple comparison tests and One-way Anova; Chi 2 -Test (Chi 2 ) was used for nominal variables, and Mann-Whitney-U (MWU) Test for BAL. * p < 0.05, ** p < 0.01, *** p < 0.0001. The ILD cohort is further characterized in Table 1 of the supplementary file. If data was not available from all patients, the number(s) is specified. LC: lung cancer, IPF: idiopathic pulmonary fibrosis, ILD: interstitial lung diseases, COPD: chronic obstructive pulmonary disease, LC: lung cancer, uILD: unclassifiable ILD, RB-ILD: respiratory bronchiolitis associated ILD, COP: cryptogenic organizing pneumonia, COPD: chronic obstructive pulmonary disease, HP: hypersensitivity pneumonitis; CTD-ILD: connective tissue disease-associated ILD. If data not available from all patients, the number(s) is specified.
Impact of Smoking Status and Medication on FeNO Measurements
To clarify the extent to which smoking behavior and drug intake influence the FeNO values, the FeNO values for all patients were analyzed in dependency of the following subgroups: Smoker status (never, active, former), as well as intake of medication (non-steroidal anti-inflammatory drugs (NSAID), steroids and proton pump inhibitors (PPI)).
To this end, actively smoking patients showed significantly lower FeNO levels than former smokers and never smoked patients (Supplementary Figure S3) . The median FeNO values observed in patients with intake of NSAID, steroids or PPI were not significantly different than in those without the above-mentioned medication.
Intraindividual FeNO Variability and FeNO Values in Exacerbation
The intraindividual variability of FeNO was determined by repeated analyses (from 1 to 11 days between the measurements) in the IPF and COPD cohorts (Supplementary Figure S4) . Overall, a good reproducibility of the FeNO measurements was shown. 
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The intraindividual variability of FeNO was determined by repeated analyses (from 1 to 11 days between the measurements) in the IPF and COPD cohorts (Supplementary Figure S4) . Overall, a good reproducibility of the FeNO measurements was shown.
To evaluate the impact of exacerbation on FeNO, we analyzed FeNo values of the whole cohort (Supplementary Figure S5) as well as of COPD patients (Supplementary Figure S6) with regard to the following exacerbation criteria: Formal diagnosis of exacerbation in the patient file, colored sputum, intake of antibiotics, proof of causative pathogen in sputum or bronchial suction samples. However, none of these criteria was associated with a meaningful difference in measured FeNO values.
Free and Total 8-Isoprostane Values in the EBC and the BALF
The free 8-isoprostane in the exhaled breath condensate (EBC) was measured with a commercial ELISA (Cayman). In general, when analyzing EBC directly, the values were in the lower range of the standard curve and in a number of cases even below that. We therefore analyzed EBC after concentrating its content. In Figure 2 (right panel) it is shown that for those samples which were measurable after concentration, no significant difference was visible between IPF, other ILDs and healthy controls.
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The free 8-isoprostane in the exhaled breath condensate (EBC) was measured with a commercial ELISA (Cayman). In general, when analyzing EBC directly, the values were in the lower range of the standard curve and in a number of cases even below that. We therefore analyzed EBC after concentrating its content. In Figure 2 (right panel) it is shown that for those samples which were measurable after concentration, no significant difference was visible between IPF, other ILDs and healthy controls. In BALF, the free 8-isoprostane, but not total 8-isoprostane, values were found to be significantly higher in IPF, HP and sarcoidosis as compared to healthy controls ( Figures 3A, B) . In BALF, the free 8-isoprostane, but not total 8-isoprostane, values were found to be significantly higher in IPF, HP and sarcoidosis as compared to healthy controls ( Figure 3A,B) . If data not available from all patients, the number(s) is specified.
PGE2 in the EBC and BALF.
In the EBC, PGE2 was difficult to detect and each single patient sample yielded values below the smallest standard. Samples were therefore concentrated by lyophilization and again analyzed for PGE2 determination, all of which were measurable for PGE2 (Figure 2, left panel) . Healthy controls showed the highest PGE2 median value (9.9 pg/mL), while the IPF (7.03 pg/mL) and the ILD (6.61 pg/mL) appeared to have slightly lower values. There was no significant difference between the groups.
In a complementary approach, we analyzed PGE2 in BALF, which was found to be detectable in all samples (see Figure 3C) . Overall, the medians for healthy subjects (22.08 pg/mL), IPF patients (23.34 pg/mL) and ILD patients (24.51 pg/mL) were quite similar, so there was no significant 
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In a complementary approach, we analyzed PGE2 in BALF, which was found to be detectable in all samples (see Figure 3C) . Overall, the medians for healthy subjects (22.08 pg/mL), IPF patients (23.34 pg/mL) and ILD patients (24.51 pg/mL) were quite similar, so there was no significant difference between the groups. Looking more closely at the ILD subgroups, NSIP patients (27.33 pg/mL) showed the highest PGE2 values, followed by HP (24.51 pg/mL) and sarcoidosis (22.18 pg/mL) ( Figure 3D ). Again, there was no significant difference here either.
Eicosanoids Do Not Reflect Disease Progression
In order to assess the extent to which 8-isoprostane and PGE2 levels from BALF samples reflect the disease progression, the annual change in FVC (Figure 4) , DLco (Supplementary Figure S7) and 6MWD ( Figure 5 ) was correlated with PGE2 and 8-isoprostane values in BALF by a linear regression analysis. For this evaluation IPF and ILD were taken as one group. Unfortunately, there were no significant correlations between each eicosanoid and the course of FVC, DLco or 6 MWD over time.
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Discussion
The aim of this work was to investigate if FeNO or exhaled eisocanoids could be of diagnostic help in ILD and other chronic lung diseases. We also performed correlation analyses of FeNO, PGE2 or 8-isoprostane values and PFT parameters to investigate the prognostic relevance of these markers and their relation to medication.
Unfortunately, we did not observe any meaningful or significant differences between FeNO or eicosanoid values of the different cohorts as well as controls. Yet, for reasons not understood, some patients showed highly elevated FeNO values. Re-evaluation of these cases did not forward any particular explanation (e.g., exacerbation). In general, it was neither possible to differentiate between the kind of disease, to detect exacerbation or to correlate FeNO or eicosanoid values with lung function parameters DLco or 6MWD. In addition, analysis of arachidonic acid derivates in EBC was challenging (PEG2) or impossible (8-isoprostane), whereas it worked out well in BALF. Some groupspecific, significant differences were observed with regard to free 8-isoprostane in BALF, the meaning of which appears questionable in light of the unchanged total 8-isoprostane values and the missing correlation to progression of disease.
Previous studies have shown that measurement of FeNO appears to be a quantitative, noninvasive, simple and safe method of measuring airway inflammation and to assess activity of airway disease, especially in asthma [30] . In our study, FeNO measurement and result interpretation were done according to an official ATS guideline [31] .
In our study, a good reproducibility of FeNO results has been proven, which is in line with other studies, where FeNO measurements demonstrated high reproducibility and low daily variability in healthy and asthmatic children and adults [32] . We did not have asthma patients in our cohort, but determined the FeNO values in 20 healthy controls. With a median of 13 ppb (IQB 8-18.25), the distribution corresponded to previous observations, according to which FeNO values of healthy persons range from 4-20 ppb [33] . 
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Previous studies have shown that measurement of FeNO appears to be a quantitative, non-invasive, simple and safe method of measuring airway inflammation and to assess activity of airway disease, especially in asthma [30] . In our study, FeNO measurement and result interpretation were done according to an official ATS guideline [31] .
In our study, a good reproducibility of FeNO results has been proven, which is in line with other studies, where FeNO measurements demonstrated high reproducibility and low daily variability in healthy and asthmatic children and adults [32] . We did not have asthma patients in our cohort, but determined the FeNO values in 20 healthy controls. With a median of 13 ppb (IQB 8-18.25) , the distribution corresponded to previous observations, according to which FeNO values of healthy persons range from 4-20 ppb [33] .
When interpreting FeNO measurements, individual factors should always be considered. In adults, a positive correlation was observed between the FeNO levels and age of the patients [34] . We also detected decreased FeNO values in active smokers, which is in line with previous reports; e.g., Lu at al compared FeNO levels between ex-smokers and current smokers in COPD and reported that FeNO levels in ex-smokers were higher than those in current smokers [35] .
The effect of steroids on the FeNO values had been discussed differently in the literature and seems to depend on the underlying disease and its pathomechanism [22] . Lehtimäki et al. reported the FeNO values of IPF and HP patients appear to be responsive to steroids [36] . However, no significant change in steroid intake across all groups was observed in this work. Our study showed that steroid-negative COPD patients display slightly higher FeNO values than those treated with steroids.
With regard to changes in FeNO in IPF, Saleh et al. showed that NO values might be upregulated in IPF patients, with a significant increase in early to intermediate stage of the disease, suggestive of a valuable role of constitutively produced NO in pulmonary homeostasis and of a protective effect on lung architecture [37] . In his study, IPF patients showed strong expression of nitrotyrosine and NOS was seen in macrophages, neutrophils, and alveolar epithelium, especially in the early to intermediate stage of IPF. The active stage of IPF was associated with increased inflammatory and alveolar expression of nitrotyrosine and NOS, where increased production of NO and peroxynitrite seemed to contribute to the oxidative damage [37] .
Paredi et al. showed elevated FeNO values in IPF patients (MW with SD: 11.2 ± 1 ppb) compared to healthy non-smokers (6.9 ± 0.5 ppb) (flow rate: 5 L/min = 83.3 mL/s) [38] . The FeNO values in our IPF patients were comparable to those of Paredi, but were only slightly elevated as compared to controls. In contrast, Guilleminault et al. measured a median FeNO value of 22 ppb (IQB: 17-30 ppb, flow rate: 50 mL/s), which is significantly higher than the IPF patients researched here [19] . This may be due to differences in the device (Belgium Hypair FeNO, Medisoft). Such view is also supported by the fact that in Guilleminault's report all FeNO values were reported to be higher as compared to our study (IPF: 22 ppb, chronic EAA: 51 ppb, drug-induced fibrosis: 19 ppb, CTD-ILD: 25 ppb).
In another study, Cameli et al. compared FeNO values in idiopathic interstitial pneumonitis (IIP) patients (22 IPF, 8 NSIP) and healthy controls (n: 30) at different flow rates. At 50 mL/s IPF patients showed similarly high levels (22.3 ± 8.4 ppb; MW ± SD) as those reported by Guilleminault, but were lower as compared to Schildge et al. (27.6 ± 16.3 ppb; MW ± SD) [39, 40] . Again, FeNO measurements in the Cameli and the Guilleminault studies were performed with the same device (Hypair FeNO, Medisoft). Absolute FeNO values have been reported to depend on the underlying method of NO measurement of the device. To this end, lower values of FeNO have been noted when using the chemiluminescence method (NIOX Mino, Aerocrine) versus the electrochemical method (Hypair FeNO, Medisoft) [29] .
With regard to the eisocanoid measurements, it had been previously suggested that PGE2 is down-regulated in IPF patients, thus favoring the development of pulmonary fibrosis [41, 42] . In IPF, reduction in PGE2 level is assumed to result from a defective COX2 pathway [43] . Despite the many references in the literature, no significant PGE2-level difference between the IPF, ILD and the healthy controls could be found in BALF in our study. Compared to the other ILD subgroups, IPF did not appear to have the lowest PGE2 values in the EBC.
Free and total 8-isoprostane are markers for oxidative stress-induced lipid peroxidation. Elevated levels of free 8-isoprostane have been used as markers of oxidative stress in asthma, COPD, pulmonary sarcoidosis, ILD and IPF [30, 44] . Montuschi et al. described elevated 8-isoprostane values in the BALF of IPF (47.7 ± 7 pg/mL) versus healthy subjects (9.6 ± 0.8 pg/mL) [45] . Our mean value of free 8-isoprostane of 31.07 pg/mL in BALF in IPF is not that much different as compared to theirs, but our healthy subjects showed clearly higher 8-isoprostane values.
One of our study limitations was the sample size in the ILD subgroup analysis. In addition, we reported the results of the consecutive patients without withdrawal of any medication, thus it might not reflect the natural course of the lung diseases. Especially in the pirfenidone group, one could assume the possible influence this medication has on the FeNO levels. Further studies, taking into account a larger number of patients and longer follow up periods, are recommended to deeper evaluate the role of biomarkers in diagnostic and prognosis of interstitial lung diseases.
Conclusions
In summary, no significant and meaningful difference in the FeNO, PGE2, or 8-isoprostane values in EBC or BALF could be observed between different forms of ILD's, especially IPF, and other lung diseases such as COPD or LC and healthy controls. In addition, we failed to observe a relevant correlation of these values with lung function, gas exchange or exercise parameters or with exacerbation or treatment status.
Therefore, our results do not support previous studies in IPF patients and other ILDs, according to which NO is an important marker for the assessment of disease severity. To our understanding, FeNO or PGE2 or 8-isoprostane measurements in BALF do not offer as diagnostic or prognostic markers, nor do they indicate exacerbation. With the end of the initial public funding cycle of eurIPFnet, the eurIPFreg/bank was continued as independent project of the section "Registries and Biobanks in Pneumology" of the TransMIT, the Intelectual Property Agency of the Justus-Liebig-University Gießen. The sponsors had no role in the design, execution, interpretation, or writing of the study.
